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(54) CONTROL DEVICE OF SPARK IGNITION DIRECT INJECTION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress the generation 
of smoke while sufficiently providing the effect of 
temperature rise of exhaust when the temperature of 
the exhaust is increased by the combustion of weak 
stratified mixture by injecting fuel two times at forward 
and afterward stages in a period ranging from the intake 
stroke of a cylinder 2 to an ignition timing at least in a 
low load area when catalysts 40 and 42 are not heated 
in a direct injection engine 1. 
SOLUTION: The ECU 50 of a control device A 
comprises an ignition timing control means 50a for 
delaying the ignition timings of the engine 1 for each 
cylinder 2 after a TDC when at least one of the 
catalysts 40 and 42 is not heated and a fuel injection 
control means 50b reducing the ratio of the amount of 
injection on the afterward stage to the overall amount of 
injection while increasing the amount of injection of fuel 
on the forward stage more than that on the backward 
stage and as the overall amount of injection of fuel per 

cycle injected on both forward and backward stages is larger, and delaying the timing of start of 
injection on the backward stage according to a reduction in the ratio of the amount of injection. 
A swirl valve control means 50c for reinforcing a swirl flow by closing a swirl control valve 35 
may be installed in this case. 
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t, 0 4<o^i-J: tt»a|MM*a*fl«tt<)i::£v' 

*<44 «fc 5K-t"5. r5t5ri-e> fcgWMtuu:* 

[0 0 5 1 ] «B^03|S««tAlc^i-Sft»PKItSo3 
f !l-g-«B& 2 0%~ffl§4 0%(75$5iaiiM^)i-5CO^^ U 
<, ^b*M*<75IIS 3 i «Ttt5©i:$ t>^$f* L 
v\ «SW-<73t?^ h>5Sffi-.<7?#«pSrffli«iJ-f-st 

£>Kfi$U££rB§4~IB&6MP a <^©H»r$iJffll-r5 c i: 
30 iot, JHft^jSrigieotOtfli*. 5 

[0 0 5 2] *fc, BUIEEI4 IC^i-i'pl^ *B*f«j{riB5 

2 rt <73^. 7 -yu^^fc ± o TJ£t!c $ tustK ti <<) s 
tS*fW^^fi<?5MS1Sfi®|RT*fcoXt>^7'7^l 6 com 
ttttiS«wTDC«RS-C»-&*»$:fiMfrt-3 r ir^T-# 

^£.®ir/£iw-c, @4*<, '<kfk<%tt<omb 

SSfflllBTDC2 0~4 0° C AO^fflir-f-^WTj^t* 

[00 5 3] -t LT, miE<Oft»«ltfl$ffl(OiSAfliy«tw 
^Lt, E C U 5 0 \Z. 3l V #SC1S5 2 «»W.S*ls]Sg 1 7 
Srf&Jffll LT, 2 SW,*:A^fKBSr0iJ^«T D C t£ 

(at D c) i 5° CA*-c*«Kaa$it5 0 ^ixlr 
50 J:9 % ^>^vi«o*'f^^3»*t*«j;(6:T$-e:l.o 



13 

eittATDC 5° CAJ;9 t>i*A«»-44J:3»-#J» 
Sttltf, )Wf5(£] 4 <7}£p < AT DC 5~ 1 5° CAO|5 
[0 0 5 4] mEOj»^*»#J»-^*^c«P»#JWi: <t fc 

K&v ^ 17 —/USE Sr^j* S-fr5o ^ <£> ^ «7 — yuflttt^lK 

[0 0 5 5] iJSLfcAjkElfcl 7, JisV*.** 1 
8 , ^ cz >> 3 3, 7> !7— /L-3M# 3 5 *f <D*J«W 

14, ECU 5 0^*3V^T^f^<73Sy»^cz ^9 A^Uff* 

incite, H7 <a)<b)K:«**1--3 J: ttffimOifll^r 
tfM $ 1 8 OfSUIflJ-^ yyt Its ^>S/^1(75 

ft 9 ((u^jt-{4[b&3 5%) , ao**t 

§B*6^«8^*4>it^li-5 (Ea0»J-CttBTDCIl83 5° C 
A) -2r, *r*»b*«oii*^jEE:CT*W!t»*W* 

[0 0 5 6 ] tit, «itfzka-ir>-^4 7 tcj: 91£fcii 

4 0, 4 2(0'pft< 1 **sfgttia*±9 *>i6<^*«g 

#18, ^ !7— /uffl^^f 3 5^(^$iJ 

d*KHSI*£«SH: t £;h„ 2 SXt/EEfflfT 

e-c-tn-pn«»^*» $ hts3i««»««i»i: * 5 1 

£ fcK, K*«fSi 2(7)^^ffl^Wx.tfATDC 5- 1 

5 0 ca< t>i^*-eii«sixT#«^«ft^ja*^±# 
u :iua^ MttN o ( 4 2co#.«fl#fa^iEii$ix 

[0057] KHri-ntf > (ME E C U 5 0 14, »«8Mfc 
fflofrWJM o, 4 2<0'>ft< 1 1>— *^*BM8lwt#*c 

1 2<0<£*fl$i5f]£ATDC 5° CAW 
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a-e-t*t-Pn*»Sri|«t**T, #SM»2rto¥*&ttft 
^«Sr»^5^l7— /u#*J»«5 0 c tSr«x.rv^ 

So 

[0058] -t it, wimmMm^mn 5 o b n % h 

[0 0 5 9 ] Lfc^oT, C^*K5?Bll8«-«*^c^jft* 

20 [0 0 6 0] *1\ 7^^-^I^xy->'yi^ 
telli^Tltiti: ( t = t 1) . ECU 5 0(7)M 

15° CAS-raflSnatifci::. «S»*S*WJ»»5 
0 b ±*>f * 1 sowwaot 1 

^/ustmsRtfasw 2BiojK»*4t^ff*3ns <t 5 

r-f K/U (0»Jx.«i 1 2 0 0 r p m) £ ft 9 , *<DVk. ^ 
^(rii«OT>f hVHUteiSS («^i4* 6 5 0 r pm) \Z 

[0 0 6 1] ^.^T% *&SbS^tC{4^Vv ? V^--r>'KO^ 

i4^*<, *«Wft*#fc*Sv*±fc: % fltS^$D<^ r 
^ h7-f K/utftoT^>^v[l]|EigaC^iKl^T% A 

5±5«w«S»col»«Sta^^<ft^£ ^ t>K, S&con* 
W*W^^ffl*tW«r/>ft< $K («xtf2 0%) , 4 
40 yh, ttft^*MMMB*N)^4B#n^3iA«^tt£$n« 
(0iJ^L(^BTDC 2 5° C A) 0 

[0 0 6 2] ~<DtZ. *ft«2<0»**rgffl¥ («*. 
tfBTDC 3 0 0 e CA) *rSfHftcr>jjR3|Sf*W^ ± oTW 

5 ^IfficO^r t t'f ^ 5 a C h 7 ^ / $ ilt , ^'J^M 6 
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[0063] zvm. m^mmmiifettm^^ 

[0 0 6 4] tLT, «S««)M8^f4atrEoy 
Mk-frteffiTi-a ( t = t 1 ~ t 2) 0 ~ixKJ;9 % 

LT«s<0*it*»^a«»* tcitAD l, %mmm^% 

[0 0 6 6] o* 9 , .^^HJE^ffiT-fi, #SHffi2 W 1 40 
[0 0 6 7] ft, fitjfSHl8<0^-r Zn^-t — hElK^-rj; 

?c am&4o, 4 2 69^jw#a«riK§-r st tiaa. 
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f*5HC, CO, NOx<04^ffi/Wt$n§o 
7,7-/^3 5^^PB*»tS4xT«S«*6(^^l7 

[0 0 6 8] -t 5 LT, «14 0, 4 2dSp5**»wfitt 
ik-tZk (t=t3) . #*«2 0jS^cWJH^JIA«c: 

(«t«4o° c) KJti-**-ett^^^^itt*9-« 
[0069] H9n ^(ommmm^^mm^^^^ 

1 <^SSfiEJB«S«E^J;oTS^<7)aaf*Si:#L, loHC 
ffi\*.mi 0 0 k P a s Steii«ttB&l 2 0 0 r pmTfo 

o^co®|ft&g*&B#^SO I5:SOI=BTDC20-3 
0° CAt Lfc^Kfi, ^-^ttiotfiab^t 
ftfttOHC^^til^t, L^fcS^^fRgft*^*: 

[0 0 7 0] fSSJ, m7jk(OiU<, ^^^og|tftS'J'^^lfl§2 
5%t UtV^tt^t»H!*S«F»tBTDC 1 0° C 

Ata< Lia«rfct#«^f4 % -^^^^^^^^^ 

T. ftfi^HC^ltt^, 

[0071] (te^^JS^fli) **M<o«fiRtti)triE<7>l6 

ttl4 0, 4 20#a£rffii!1-"5HI 
tw, **1»2fe^^ieWft35j»tt:S:llSaBfeaS«Sit (A/ 
F=14. 7) KttSJ: 5^*J»LTl^S*^ rlxtwRB 
SbO-etti<, S«SJtttWx.tfA/F=ISl 3-16 
o«5ia^K:^i-5 J: pjr LTt ±v> 0 

[0 0 7 2] ^fc, miBOjat»»-Ctt, tt|4 0, 4 

2o#a*ffiiit-5R*r*«t»2<o-r v^i^^ i sic 

Sr^i-^>J:9lwLTv^^, ^ix^PS^T, m^nm 
[0 0 7 3] Sfc, ftflEOlllfe^ftSTJi, WI4 0, 4 
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[0 0 7 4] fWE<OHKfi»*-e»i, W4 0, 4 

[0 0 7 5] £fet;i, tWrtE3Wfc»<»-eH:, *JSW*^b 
Wx.tr 9 \ 8^J:9«1«2rt«c:*4tbfc«S»«»o# 

[0 0 7 6] SfeKSfc, «HEj|JIIS»tt^fB«Lfc3i> 

m^Wi^m&Z 6 trEK^SttjfflEtt 1 o/cfjt^ 

0(^KM#1 2, 1 3 £{e*ifci><0-^EGRiiS§4 3 
[0 0 7 7] 

[0 0 7 8] «*3B2^«W«c < tSi:, jcvv?:^** 
[0079] m#i%3<D$&*Ji\z£Z>t. * 7— /uaESfcft 
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[0 0 8 0] !f#*S4 <D$g?Utw ±5 i: , 1^5!?*- 

[Ell] *»WOjOS»lli^«ft*^^^#J»J*«^^: 

10 [El 2] i^^v^ft«rt««*w«lM»a*:*i-»a 
HIT-feSo 

So 

[El 5] «»oi»^St*W^Xt«l+Bll*&WP»S:«3l 
[El 6] ««0«WP»|tM*&«P»S:S8E5Eb*^b, ft ft 

tt^^ufc^7^iaT*fcSo 

mM**ti?ti^^i?><ofkftytmzttfotftfx&j£\s 

[0 8] J-^^vftBttlliWofMW^— mir^-ff'f a 
^-r — hEJT-foSo 
[El 9] B*li8*fto*l(Sia DSHSt^HC Ji«»'> 

30 [?9-5§-<Dffc!3] 



A 




1 




2 




5 




5 a 




6 




1 6 




1 8 




3 5 




4 0 




4 2 


l) -yNOxftK 


5 0 


3>hD- yUix-^ h (ECU) 


5 0a 


£*P»JH1HfpgB (jR*Wf»M»¥S) 


5 0b 





(11) 



**U3 2003-214235 



[01 ] 




(12) 



mm 2003-214235 



[04 ] 



(BTDC° CA) 



1 . 


j 






> 




j 




1 






U | 

» 


! 


u 







360° 



180° 



0 
TDC 



ATDC'CA 



[05] 



S0I=20° 




ATDC 
20° CA 



ATDC 
30° CA 



[09] 



♦ 



HC 



/ 50% 



S0I=10 




SOI=30 



S0I=20 



(13) 



<&m 2003-21423 



[E16] 



[07] 



is; 



(a) 



r 



SOI=20* 




SOI=B0° 



25 50 75 100 

&&<©9*fi»I3- (%) 



(a) 



At 



40 



(%) 20 h 



i§5 



(b) 



501=10" 




/ ^501=20° 



S0I=30° 



25 50 76 

&&mHsm& (%) 

[HI8] 



100 



(b) BB#r&£#l 
SOI 

(BTDC° CA) 20 - 



100% 

0 \- 

100% 



o H 



7V K/u 



1200 
650 



tl 




12 



1_ 



1_ 



t3 i^no 



(14) 



#BB 2003-214235 



(51)Int.Cl. 7 

F0 2D 41/02 
41/04 
41/06 
43/00 



45/00 



F 0 2 P 5/15 



3 3 5 
3 3 0 
3 0 1 



3 1 2 
3 6 4 



F I 



(72) »w* «s 



2 D 


41/02 




3 3 0 G 








41/04 




3 3 5 Z 








41/06 




3 3 0 Z 












3 0 


1 B 












3 0 


1 H 












3 0 


1 J 












3 0 


1 U 








40/UU 




3 1 


2 B 












3 6 4 N 






2 P 


r/ir 

5/ 15 






E 










AA07 


AA08 


CA02 










GA01 


GA02 


GA05 


GA06 


GA08 






GA09 


GA10 


GA17 








3G084 


AA04 


BA05 


BA09 


BA13 


BA15 






BA17 


CA02 


CA03 


CA09 


DA10 






EA07 


EA11 


EC01 


ECO 3 


FA07 






FA10 


FA20 


FA27 


FA30 


FA33 






FA 38 












3G091 


AA02 


AA11 


AA12 


AA17 


AA24 






AA28 


AB03 


AB05 


BA00 


BA03 






BAH 


BA15 


BA19 


BA32 


CA13 






CB02 


CB03 


CB05 


CB07 


CB08 






DA01 


DA02 


DB10 


EAOO 


EA01 






EA05 


EA07 


EA16 


EA17 


EA26 






EA30 


EA31 


EA34 


FA02 


FA04 






FA12 


FA13 


FB02 


FB11 


FC07 






HA08 


HA10 


HA36 


HA37 


HA42 






HB03 


HB05 










3G301 


HA04 


HA13 


HA 16 


HA17 


JA24 






JA26 


KA05 


KA08 


KB04 


LAOO 






LA03 


LA05 


LB04 


MA01 


MA 11 






MA19 


MA27 


NA08 


NE06 


NE08 






NE11 


NE12 


NE13 


NE14 


NE23 



PA01Z PB08Z PD032 PD04Z 
PD09Z PD12Z PE01Z PE03Z 
PE04Z PE08Z PF03Z PF11Z 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 



yk BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




